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. .

The stress distribution,in stepped shafts stressed ih torsion ie
determined by means of the electric precision strain gage by Lehr
and Granacher [5]; the stress conoeptration factor a~ a~ a function

of ~ and ~ for O.s ~$ $ ().9 ,~d o-l ~ ~ < 003 iS ~gcertained

from the measurements. It is shown that the test values ‘always are
slightly lower than the values resulting from an approximate formula
by Sonntag [2].

Outline: 1. Test Setup

II. Evaluation

III. Summary

.-.
‘~V.References

and Measuring Procedure

Of the Measuremen-tjsand Results

The stress distribution in stepped s_hafts~tressed in torsion
was first determined by F. A. Willers [1]by approximate integration
of the differential equation of the stress function. R. Sonntag [2]
gave an approximate formula for the stress function and the maximum’
stress for the case D - d ~2p. (See fig. 1.) L, S.”Jacobsen,
A. Thum, and W.Bautz ([3] and the bibliography quoted there)
ascertained the concentration factor by means of an electric model.
The values found in this manner do not always agree with those calcu-
lated according to Sonntag; a discussion between these scientists
ensued [4].
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In order to definitely ciear up this problem the stress distri~
bution of steel shafts was detezminetibymeans of the precision
strain gags. developed byE.’ ~hr:atid H. Gwcher [’5]...

.
,. ,.. .,

1. !!ZEST”SETW?AND PROCEDURE -

Figure 2 shows the apparatue which was used for twisting of the
test shaft. Its modus operandi is explained in figure 3. The test
shaft is obviously stressed’by a pu~e torque. This fact was confirmed
by abrittle lacquer test; the principal stress curves had an
inclination of 45° toward the genetatrices of the cylindric ,shaft,,. . .

The test ”points1 to.Ii for the strainmeaskremerits were :
adranged acc~rding “to” figure ~ on three generatrices 1, IIj and ‘III
whic$jwere 90° to each other. The two principal strains .61 and 62,..
which must be equal and o~pos$te for pure torsion, were measu?edt
Actu&lly,thevalues deviate ~rom the average usually by 3 to k percent;
-thereason is directional inaccuracy o’fthe’test”section which was
marked with a prick punch (1.3 mm) and a slight bending stress of the
shaft caused by the fact that the ,twistingforces designated.by a
in figure 3 are not exactly equal; This error is essentially elimin-
ated by measuring on three generatrices, figure ~, From the three
test values which lie on the same circle the mean value is taken.

The strainb were measured by means of the precision strain
gage of l.s-millimeter gage length developed by EI.-Zehr and
H. Granacher; its modus operandi is described in detail ln[5].
Before starting and at the end of each test series,which lasted three
to four iiaypper shaft,the instrument was calibrated “ona,.ttisjlebar
of’known modulus of elasticity; the values found never d~ffeqed’by

“ more “than1 to “2percent and lay within the errors of’measurement.
It is’tfie, the ‘filament;current.forthe small bulb,of the strain
gage mustbe kept exactly constant; at an intensitiJof the,.filament
curr”entof.l;20mA fluctuations of 0.1 mflare Qreti.dytroublesome,
Loose Cpritac$s,in particular,must be car~ful”lyavoided since
‘i~re”gular”,fluctuationswould result in the multiilexfialvanometer

‘“””;tieasvr,itig.thephotocurrent which has a sensitivity of about 4 x 10-%4
p~r”~~~’l~aivisi.onc ~

. . .
.. .. . . . .. .

Fo&”the-%est& an i~itial load of, P. =-~0 kilograms was selected
and the:cleflec’t+onof ~e”4ultif3.exgalvanometerueasuring the photo
,currentLidependence “on:~he.lbadin~ was measurpd. This dependence is
linear wiihin”the ,erra#,ofrneasurementas””tifibe seen iDfi,&re 6.
The galvqnom~tet d&Umti31xiWas”re%’redto kOO+lilogram load increment;
in figure 6 on the average’~s scale tiectorscorrespond to thiiload
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increment. ‘Ba~&$ cm ths,,,(+Wai@t }ined.)”calibrati.on
knows what sttiairiGorres@#~ to t~s “\q’adi’n.ox!e~~n.t.~-.. - ,. .,

II. &WAL7JATIC)NOF THE MEASUY?EMENTGAND RE$XJL!I!3

3

curve one now
,.

Frcrathe known relation

;.

between the printipal strains c~, c,, and
al, a2 for the plane stress cc)nditi~n.one

,.
T in the cross section of”the shafh

‘/

1“
( “ (1)

>’

the p~incipal stresses
cbtaius for @e shear stress

UI -- a2 - ~ .G1.-ep
T .= —...— .—. = .. ——...”

2 i~ 2
(2)

The moduli of elasticity and of shear of the test shafts which were
manufactured of St. C 45. 61., rest~ltedas E = 2.14.x 106,

G= 0,82 x 106 kg C&-2
lEend thus y = - — - 1 = 0.305 * O.jO.
2G

Thus ~ is for the ~resent case

In figure 7 the distribution of shear stress along the shaft i.s
represented for the caee p/d = 0.107, d/D = 0.70. One can see that
for the smooth pam of’the shaft.the shear strees is constant except
for slight scatter. The fillet begins at test point 8 shortly
before the shear stress’starts to increase and reaches its maximum at
about test point 9 which lies already within the i’ilLlet.The resulti-ng
stress ooncentra,tionfact~i”for the ~~~ent casa is:

‘mm 715
ak=~=— 520 = 1.y3

o

In the same manner the stresp concentration factor was determined for
a series of v8.luesof p~d = @ and d/D = j3~ Table J.shows the result.
Fuiring these test values graphically,one ob>ains the figures
designated in table 1 as fatred test values. These values are

1
.
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plotted in ffgures 7 and9 as func%iong of d/D and p/d. They are
always somewhat iower than the values calculated from the approximate
fozmula by Sonntag

ak = P(l.5 + 3.ocd J*2 + (1 - P - zap) (l+&) (3)

which is valid only for $ S ~+l~ai Taking the unavoidable errors

of measurement into consideration (for instante,inaccurhcyof the
punch mark, not ideal torsion) it will be permissible to assume the
accuracy of these fai red values with shout 5 pert ent ●

III. SUMMARY

.

The stress distribution in stepped shafts stressed in torsion
was determined by means of pel’cision strain gages. Comparison with
an approximate forznulaset up by R. Sonntag showed that m cording to
that formula the stress concentration factor U.k in the interval

0.1 $ ~ s 0.25 an~ 0.5 < # ~ 0.9 can be c~.l.c-~latedwith sufficient

accuracy,

Translated by Mary L. l@li;..eL)
National Advisory Ccmmitte~
for Aeronautics
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$ p/cl

0.25

.214

● 15

.107

d/D

0.50
.667
.824
. 9G

.50

.70
,&&
.90

● 50
.70
.80
●9Q

.-—.
ak

Measured

1.24

L 33
1.22

—.—.... -.— —

U,k

Fai red

1*22

1.19
1.13
1.09

1.23
1.20
1.1.9
1.10

1.36
1.28
1.23
1.15

i.45
1.41
1.3>
1.30
102Z

‘:-Jcalculated-.

-.. * i

1.27
1.22
-- “ .- .-

-“. -

3937
2..3G
“.-.
-.. . !

1. !+g
L.LA
1.38
1.32
---.,

—. —..-i
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Figure 1.- Designations at the stepped shaft.

Figure 2.- Torsion machine.

7

Figure 3.- Sketch explaining the operation method of the torsion machine.
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Figure 4.- Test shaft with strain gauge.

‘-’L
Figure 5.- Arrangement

I
of the test points
to III of the test

1 to 11 on the
sh: .t.

generatrices
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P= loadreadingon thetestingmactie.

Figure 6.- Dependence of the photo current (galvanometers - deflection)
on the load reading of the testing machine for a certain test point. ‘
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Figure 7.- Distribution of the shear stress along a generatrix of the
stepped shaft for p/d = 0.107, d/D = 0.70.
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Figure 8.- The

I
L-—..

~ 08

Figure
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concentration factor ffk as a function of d/D.

(272
—.. . _L .—

*

---=-~_.~_.

I==-.--?, m_._—,
I

‘..—..—- +—. —-.. —

.p,l.-

1 I

3

I I
. ..-- .---—— . . ..- ..-

9.- The concentra~~cn factor q< as a function of p/d.
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